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1 Introduction

RAN1#78bis made the following working assumption with respect to the maximum transport block size (TBS) for broadcast transmission for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1]. The corresponding working assumption for unicast transmission has been confirmed but this working assumption for broadcast transmission has not yet been confirmed.
	Working assumptions:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain


RAN1#79 and RAN1#80 made the following agreements regarding support for simultaneous reception of multiple transport blocks:

	Agreements (summarized):
· UE is not required to support simultaneous reception of more than one transport block in a subframe at least for Rel-13 low complexity UE.

· If eNB schedules unicast and broadcast simultaneously to the same UE, the UE behaviour is FFS.
· If eNB transmits multiple transport blocks for broadcast transmission simultaneously to the UE, in this case, the UE behaviour is FFS.

· Note that the transport block here refers to the ones carried by PDSCH.
· The case of MBMS, if supported, is FFS.
Conclusions:

· Identify scenarios for potentially colliding TBs for the cases of in the same narrowband and in separate narrowbands for

· broadcast traffic

· between unicast and broadcast

· RAN1 finds the following as alternatives:

· Alt 1: Define priority/priorities among collided messages

· Alt 2: It is up to UE implementation to handle colliding TBs 

· Alt 3: It is up to eNB to avoid any colliding TBs, possibly with UE assistance


In this contribution we discuss further aspects of max TBS and non-simultaneous reception for LC/CE UEs.

2 Maximum TBS for broadcast transmission
RAN1#78bis agreed as a working assumption that the maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits. It was agreed that RAN1 and RAN2 aspects needed to be considered before confirming the working assumption.

· RAN1 has carried out link simulations [2]~[7] and observed that it appears to be more efficient to transmit a fixed number of system information bits in one single TB (up to the simulated maximum TBS of 1000 bits) rather than splitting them into separate smaller TB, but no observations were made that indicated that limiting the maximum TBS for broadcast transmission to approximately 1000 bits would be unacceptably inefficient.
· RAN2 has confirmed [8] that the TBS restriction of 1000 bit for broadcast is acceptable from RAN2 point of view assuming that the network provides separate SIBs (different time/frequency resources) to LC/CE UEs and legacy UEs.
We have also provided the following analysis in an earlier contribution [9]:

· Some possible transport block size and corresponding code rates are shown in Figure 1 for broadcast transmission. Here NPRB={3, 4, 5, 6} are used for illustration. As in existing definition, QPSK is used for broadcast transmission, i.e., if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. The assumptions are: 3 OFDM symbols are assumed for control region, one antenna port for CRS, and DCI format 1A.
· As shown in Figure 1, when NPRB=3 or 4, the TB size cannot exceed 1000 bits even if high code rate is allowed. When NPRB=5 or 6, two and three TB sizes above 1000 are possible, respectively. However, the coding rate is too high (0.7 or above) for reliable transmission.

· As summarized in [2], repetition is required to transmit SIB messages for low-complexity UEs in normal coverage (SNR= (4 dB). For example, 40-80 repetitions are necessary for TBs of size 1000 bits to reach BLER=1% for low-complexity UEs with one receive antenna. If TB sizes greater than 1000 are supported, even more repetitions are needed.
· Note that in Figure 1, relatively low code rates are included for a given NPRB since it is assumed that all REs in the entire set of 6 PRBs, except REs for CRS and control region, are available for broadcast transmission. The code rate will be higher if resource elements have to be set aside for other purposes. For example, resources may need to be reserved for more CRS REs for higher number of antenna ports, or reserved for PBCH or PSS/SSS if the broadcast transmission is scheduled in the central 6 PRBs.
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Figure 1: Possible TB size and code rate for broadcast transmission, assuming DCI format 1A.

Additionally, from UE implementation perspective, since the unicast TBS is approximately 1000 bits, it is desired to adopt similar max TBS (or lower) so that the same decoding circuits can be shared by unicast and broadcast and the UE implementation complexity is not increased. 

Considering the implementation complexity, the large number of repetitions, and the fact that there are only a few TB sizes above 1000 bits available, it is not justified to support TBS for broadcast transmission above approximately 1000 bits.
Proposal:

· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is approximately 1000 bits.
It is recognized that the exact max TBS may be determined by RAN2 according to the max SIB size necessary to support Rel-13 low complexity UE.
3 Non-simultaneous reception
RAN1 has agreed that the Rel-13 low complexity UE is not required to support simultaneous reception of more than one transport block in a subframe, regardless of whether it is operating coverage enhancements or not. Based on the following guidance from the WID [1], we propose that the same applies to UEs operating coverage enhancements.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. Basically the coverage enhancement solutions should be the same for the new low complexity UE category/type and for other UEs, however if a divergence cannot be avoided, the specification work for the new low complexity UE category/type should be given higher priority. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

Proposal:
· Similarly to Rel-13 low complexity UEs, normal complexity UEs operating coverage enhancements are not required to support simultaneous reception of more than one transport block in a subframe.
Furthermore, in line with the RAN2#85 agreement for Rel-12 low-cost UEs, we have the following proposal. A more detailed discussion is provided in [9].
Proposal:

· If a Rel-13 low complexity UE or UE operating coverage enhancements is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.

RAN1 has agreed that the Rel-13 low complexity (LC) UEs will not be required to support simultaneous reception of multiple transport blocks. If eNB would anyway transmit more than a single transport block to the UE, the UE might need to select which one to process.
However, since the LC UE has a reduced UE bandwidth of 1.4 MHz even in cases when the system bandwidth is larger than 1.4 MHz, there could in principle be cases where the UE is not even aware that it has a choice to make between two simultaneous transmissions taking place in different narrowbands within the system bandwidth. It may be worthwhile to consider whether some specification changes are needed to ensure efficient operation with respect to e.g. user throughput and battery lifetime.
In RRC_IDLE state:

· The UE will be able to receive the PSS/SSS/PBCH/CRS in the center 72 subcarriers in different cells most of the time, and still be able to retune to other narrowbands to read SIB/RAR/Paging if necessary.
In RRC_CONNECTED state:

· The UE is allocated certain narrowbands for unicast reception/transmission of M-PDCCH, PDSCH, PUSCH and PUCCH, and if it retunes from its allocated narrowbands for some reason, then it may miss a unicast transmission in its allocated narrowbands.
· In order to support intra-frequency mobility, the UE needs to get some opportunities to search for PSS/SSS in the center 72 subcarriers in order to find and measure on other cells.

· In principle the UE also needs to be able to read SIB transmissions in the serving cell in order to have up-to-date system information. As an alternative, the UE could be released and made to reconnect again whenever there is a critical system information update

Proposal:

· Do not define priority/priorities among collided messages.
· Discuss the need to define regular opportunities for the UE to retune to the center 72 subcarriers.
Since the RAN1#80 agreements include an FFS on “the case of MBMS, if supported”, we would like to point out that MBMS enhancements for Rel-13 low complexity UEs have already been ruled out [10] and we assume that the same holds for Rel-13 UEs operating coverage enhancements.

Observation:

· Due to limited time in Rel-13, currently there is no plan from RAN1 perspective to enhance MBMS mechanism for Rel-13 low complexity UEs or UEs operating coverage enhancements.
4 Conclusions
In this contribution we discussed further aspects of max TBS and non-simultaneous reception for LC/CE UEs.

Proposals:
1. The maximum TBS for broadcast transmission for Rel-13 low complexity UE is approximately 1000 bits.

2. Similarly to Rel-13 low complexity UEs, normal complexity UEs operating coverage enhancements are not required to support simultaneous reception of more than one transport block in a subframe.

3. Do not define priority/priorities among collided messages.
4. If a Rel-13 low complexity UE or UE operating coverage enhancements is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.

5. Do not define priority/priorities among collided messages.
6. Discuss the need to define regular opportunities for the UE to retune to the center 72 subcarriers.
Observation:

1. Due to limited time in Rel-13, currently there is no plan from RAN1 perspective to enhance MBMS mechanism for Rel-13 low complexity UEs or UEs operating coverage enhancements.
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